

PROPOSED POST-OIL SPILL STUDY SITES, 1971-72 


C0#l?07'£SZs 


SAUSALITO 

V-/ 


5 


f=t>/ir 3 a/<ejz 

SOUTH MUIR BEACH 


STINSON BEACH 


DUXBURY REEF 



4a+* v C- 

~ n.ri.A-.nxriinxn 

HvH HijJjI 



DOUBLE POINT 


DRAKES BEACH 

7 -/ 


CHIMNEY ROCK 

f-f, *-*, 9-3, 9-9 
2>£>o 6o£- 
/*>-!, /6-Z 


If 







G. Chan 


POST— OTL SPILL STUBY SITES, 1971-12 




























































G. Chan 


PAST-OIL SPILL STUDY SIT1S, 1971-72 


Location 


A, ^ 


Organisms 



AX I ^<X / ^ *fr- 

/^AdL. aJZ 

&e*tO, SulLj A'.^k' 

/h yx 

rtyr.ffi' a< ^ ^ ** 

yx^-y-A^^- 

A&r- 

JLUj- 



































( 


( 




{ 


OIL SPILL STUDY LOG 
FOR DUXBURY REEF 

AREA A 

/-/ /-a t-3 /-/ /-s y-L /-/ /-&+'? /-fa 

TRANSECT = T1 T2 T3 T4 T5 T6 T7 B8 * B9 BIO Sll S12 S13 T14 


1971 January 

February 

March 





/ yj 









— 

























/ 4 




April 

May 

June 

s 4 

/ / 

/ A. 


V 


y 

y 4 


✓ 4 















// 


















July 

August 

September 

/ 

V 

V 

X 

X 

/ 4 

v/ 

/ 

/ 

✓ 

•/ 


y 

y 

/ 

/ 

/ 

/ pi 

/ 


/ 

/ 

/ 

/ 


✓ + 

















October 

November 

December 











































1972 January 

February 

March 











































April 

May 

June 











































July 

August 

September 










































































! 








































































( 


r 

A ( 

OIL SPILL STUDY LOG 
FOR DUXBURY REEF 

AREA B 

J?-i J-Z JZ-3 A-'f Jt-s- r ~i-ic *2-7 A-Z+f 

TRANSECT^ T1 T2 T3 T4 T5 T6 T7 B8 R9 RIO Til T12 J 


January 

February 

March 












— 








/ 












/ 





April 

May 

June 

«/ 3 

/ i 

✓ H 

J aJ 

j a1 



/ 

/ 











/ 







! 





/ 





July 

August 

September 

/ 

•/ 

/ 

/ 




/ 

A// 

>/ / 

/ /V 

y 

/ 

✓ 

/ 

/ 

/ 


\ / 


*V 

y 









\ / 






October 

November 

December 







\/ 












V 












A 






January 

February 

March 







/ \ 












/ \ 











/ 

I . 






April 

May 

June 






. i 


. i. 

\ 










/ 


V 

\ 










j 







July 

August 

September 






/ 












/ 









* 



/ 






























































































OIL 


SPILL 


STUDY 


LOG 


< 


1971 


1972 


( 


FOR 


D U X B U R Y 
AREA C 


REEF 


* 3 . ./ 0 a 


TRANSECT= 

3 / 

T1 

3 Ji. 
T2 

T3 

3-3 

T4 

T4a 

3-y 

T5 

3-^r 

P6 

3-4. 

M7 

T8 

T9 

-3-/ 

T10 

3-g 

Til 

3-9 

T 12 

'T13 T14 

January 






/ 


| 







t 

February 



- 



/ 





/ 

/ 




March 




/ 

/ 

/ 

✓ / 



/ 

/ 

/ 




April 

/ 


yj A 

/ 



/ 

// 


/ 




\ 


May 



✓/ 




J-J 

// 


•// 






June 



✓ 

/ 



/ 

1 / 


/ 






July 

jC— 

z 


/ 

/ 

/ 

/ A / 

/ 

1 


/ 

/ 

/ 


1 / 

August 

/ 

/ 





/ 

/ 

I 

1 



/ 




September 









I 

1 







October 
















November 
















December 









A 







January 









1 







February 
















March 
















April 
















May 









1 1 







June 









1 







July 









1 1 







August 
















September 





































































/ 


























































SAUSALITO 

¥-/ 

FORT RAKER 

-6"-/ 

0 I 1 

F 0 I 

S W 
° Q 

M P’S 
Eh 

m M 

J S P I ] 

l ALL i 

| 1 . 

M c 

ffl U H 

“3 ffl !■ 

Ph 7 c 

A Si. 5 

j L STL 

lon-Duxbury R 

O O Eh 

dO Ed '-i 

3 O d 1—! 

h <d mo 

dm P Ph> 

p o ' 

a q 

D Y 

eef S 

m gn 

^ M 

HH O 
hP Pm 

O 

LOG 

[ T E S 

Ed w 

g o 
SO'' 

<T> 

t 

<% 

v. Q O ^ 

S pH P3 -> 

^Js. M Qv 

,PP 

January 

February 

March 

























April 

May 

June 



/ 

/ l 





/ 







i/ 









July 

August 

September 


_ 

/ 









y \ 



/ 

/ 









October 

November 

December 

























January 

February 

March 





















T 




April 

May 













T 




June 





1 




July 





1 




August 

September 









. - .... ■ 




































































t 


c 


f 


DO-BTJRY REEF 

ARE4 A 


X= no oil on transect 
S= oil on transect 


/'f' 



AT-1 

25 m offshore 

2 

10m S 

> 

p 

1 

ro 

triangular 

10m - S 

AT-3 

flood channel 

10m - N 

AT-4 

Agate Is. chnl 

10m 2 N 

AT-5 

Aga t e Is. 

2 

10m S 

AT-6 

mussel beds 

, 2 _ 
4m b 

AT-7 

base cliff 

9 

9m S 

AB-8 

berm 

10m - S 

AB-9 

berm 

10m 2 S 

AB-10 

berm 

9 

10m S 

AS—11 

stake =1 

2 

^ jm S 

AS-12 

stake =2 

~3m" S 

AS-13 

stake #3 

-2m 2 S 

4T-14 

every 30 m 

S+N 


m - 
a x 
CL 03 
•H CL 
X -H 

® p cc 
eg o> 

u c 


03 O 

: 9) h 
K i - 
cl 

CC +5 cc 

Lt *H -H 

O&rr? P 
>> © P 

Ld M ©: 
03 P 
CC 03 


cC 

-Q 
cc a) 

d 3 

b£ P 
03 


^ KX X A Ah 4* *60 < *■ cA e 


-C L, 

P *iH 

cc x 


d cC 


=0 

o 


-L CC 
— X 


•H 

X 

cC x 
SL 
d P 
03 

—' cC 
CL 

C O 
P 03 


yes 


4- 


J 


J. 


ee 

•H 

X 

03 CC 
“H P 
Lt *H 

cC 

03 

c£ 


Z 




cC 

P 

H 

il£| 

H 

T3 

cC 

03 

cC 

a 

o 


u 

o 

X p 
d *h 

P r—< 

H cC 
P o 


X 

x d 

03 Li 
CL & 

P — 
« >; 


4 S PP- 


*L 


// 

-JLZ 


es 


yes 


cC 

P 

cC cc 


// 

-l.L, 


JLk. 


X 

p 

o 

p 

p 

£ X 
03 
03 
O CC 
P In 
>> 

d U 
o 
SL 
P 


A' 


— bl 


Other 


/PJatyodpn, cancel 

siphon holes 


llatus 


J ( 

xx. 


-Thais emarginaia 
-Katharma tunicata 
-Acmaea pelta 


^ Littorina planaxis 


-Littorina planaxis 

-Littorina planaxis 


ves 


-Pachygrapsus crassip es 


* Thais emarginata 
jJagurus spT __ 


>Pagurus 


Platyodpncancellatus 


/ Piatvodpn ca 
>v siphon holes 


•July 18. 

G. Chan 


1971 


Key for highest I n~ for past data 
-= 0 / X / 1.0 

v = 1 = x = 10.9 

/, = 11 _ X _ 20.0 
+ = X \ 21.0 

































































































































<*> Vo 


r 

• V.. sj 


c 


DrXBIHY REEF 

AREA B 


N= no oil on transect 
S= oil on transect 


BT-125 m offshore 


10m" 


BT-2 triangular 


9 

10m S 


BT-3 flood channel 

BT—4 base of mesa 


2 

10m X 


10m 2 X 


BT-5 mesa 


2 

10m X 


BT-6 entrance 


10m" 


a 

h 

C3 0) 

3 3 

Mt 1 
0> 


jj 

t > 


/ 


BT-7 9 transects 


90m’ 


BB-8 berm 


S 


HR-9 ridge tidepools 


2m' 


BR-10 ridge 


500m 


BT-11 sect. 1 10m X 10m X 


BT-12 every 50 m 


S+X 


cS 

a 

• H 

32 

cd 
p 
3 -p 
z 
cd 

P- b£| 
c 

-p 
fl 
< 




32 Td 
2 C 
P cd 
cd — 
-< b£ 
cd 


f ~ 


=X 


v 7 • r 


+spp 


cd 


o 

C 

-p> cd 
cd 




32 

zs 
-p 
c 

P 
-p 

£ 32 
£ 

O -P 

c cd 

—i P 

h - 

bl Pi 
£ P 
O 
P P. 

-P 
02 


*-JL 


S' H *CA*C*s 


Key for highest Lb for past data 

- = o/x_ 1.0 
7 = 1 i x = 10.9 
// = 11 / x = 20.9 

+ = X \ 21.0 


Other 


/Pagurus samuelis. , Cancer antennarius 


+Mytilus ca 1 ifornianus. /Pollicipes polvmerus 
-Tittorina planaxis 


/Herminea smithii 


*// Lottia gigantea 


-Cryptochiton stelleri 


*total count, not X 


m 


•July 18, 1971 
G. Chan 




















































^ V) 


* 






- = o _ x _ 1.0 

v = 1 ^ X = 10.9 


// = 11 ^ X l 20.9 
+ = X ^ 21.0 


July 18, 1971 
G. Chan 













































DATA SUMMARY for Study Site -4>^XAS O/Z./ _Transect<S <24*R/()il? 


L= live 

D= dead; += scars 
S= oil on shells 
T= on top of oil 
N= no oil on shells 

/ 9 & 9 S' 

Year Date 


CO 

a 

CO 

•H 

G 

cd. 

bq 

u 

o 



per 



per 



per 




n= 


/ 


per 



per 


-B.gr 



> X/unit- 

?M^J 


size 


^L^AAs^oA change 


&7C 4 hsC-Vf* 7 

sf bs4 
6.L Air) 
, z^ 


3S 

J.s 






3 


X/unit 

_size _ 
change 


-*7f 


«rf- 


£3 


4 32 

/3 M3 


33 


43.0 




X/unit 


^ _ s i z £ 

change 


/<> m 2 ' 


,^£jiang 


X/unit 


_S1Z£ 

change 



/Xa^ZTJ, 


3X 

3.X 

fljn** ‘ 


A 


X/unit 



-Size 

change 


'iff 

y r , 

*2. o 4.* 




?lit . X/unit 


3 4* A*a~ 

3tS 


size 


/XizaJ4L> 

A/LaAoa^ 


/3 frir&oO 

S hS&tjf 


<j A^pchangc 


337</ 

9-f 
An* 




X/unit 


_size 

change 



/& Ai^jJAZa* 


So. 


>f\ 



/J.6. 


'M 


X/unit 


_size 

change 


£/. 






JAsUa 


j*! 


X/unit 


size 


change 


X/unit 


size 


change 


















































AH 

DATA SUMMARY for Study Site _Transec t/- Oil? n» /A* *p . / 


L= live 

D= dead; += scars 

S= oil on shells ® 

T= on top of oil ® 

N= no oil on shells c 

a 

o 

Year Date 

A 

\ 

T»e^ A A 

'' ^ 

per m*' 


(ft 

! V/ t \ 

/ i* * 1 

i V 

pet 

per 


^3 X/unit 

S 

size 

change 

1 

! 

1 

-1- 

C> 

6 

6 . 

r 




/^/ X/unit 

S. 

size 

change 

y-7 

' 7 y 

J3 

' ! 

7 ■ 

/ 

( 




//<£/ (^/ // ) X/unit 

S 

size 

change 

7J -m 
7/ 

dJ M 

/ 


\ 




X/unit 

£hrr-£SLjz-*'l 

size 

'' ^-V' \ change 

C 0 

d. 

1 

I 

T 



/f7f X/unit 

/ -S. 

size 

v 1 - 

change 

J2. 

_ 


5 

4/ 



/ f X/unit 

it size 

change 

Z> 

6 

LoLj' 


,0 c tLfc^. 0>t> 

ifiOchy^- 

fi-dL 

' 


/f 7/ /^*> X/unit 

vl size 

change 

0 

6 

aj/W' 

ftriLy 

berk? 

l n>tk^y 


X/unit 

size 

change 







X/unit 

size 

change 







X/unit 

size 

change 














































































































.X, 


/-3 


DATA SUMMARY for Study Site 


L= live 

I)= dead; += scars 
S= oil on shells 
T= on top of oil 
N= no oil on shells 


Year Date 


a 

cfl 

tad 

u 

© 



Transect 7>X- ^Oi 1 ? ny /£>/* * p. / 


per /n 


per 


per h 



per 



per 


per 


/%*} 73 X/unit 


vivj 


size 


3fJ -£$3 
•3?/ 

_i4 


^Zb 


*£■ 


& 


tx 


d d 


change 


/ft 


X/unit 


size 


change 


/7.3 

'7 ^ 




jib 


A 


Sr 


-9 


0 V 


£o 




/?(>! IX) X/unit 


C yyj ? ^ 


M 

if3X 


^3. / 

/ 


cX.fff 

-zb 


size 


'A 


■zbL 

V, 


o 


3. i 

/ 


d> 


//n 


change 


X/unit 


V/.tb 

S/b> 


S&- 


o2d, 6 


6.7 

-£~ 


AV j.i 

csr / 


0.7 


size 


& 


a *. 




% X* 


X/O 


change 




)fV^ 


/ f 7/ ^3 

44 

Ey 


191/ Vf 

4 4' . 


X/unit 


7X3 

7 - 2 -t, 


*3 

9-S 


VI 

7 


VM* 

73 


J, / 

/ 


tN &cs ao» 

// /b 




size 




change 


Tf 




X/unit 


hf,7) 

/ } bL c i 


7.3 

43 


A3 


v 7 


0 


7 




size 


change 


X/unit 


size 


change 


X/unit 


size 


change 


X/unit 


size 


change 


X/unit 


S1Z£ 

change 




















































DATA SUMMARY for Study Site 
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M / 

/0 / 

StyfHL. /r ® 

J&2 

_ 

- - 

7X 

/■x. 3 

/yi-7" 

3 

fa _ 

— 

)n~?l ~/x> */ uni ± 

S- 

i size 

+ 7 change 

9x.7 

w 


■■s' 

/X 

/ 5^ 

3 

/■77/ ^ X/unit 

size 

s/f7#rvf 7 chance 

n.s 

//& 

AST/' 

0 

V) 1 

1 

1 

X ! 

/r 

* ! ! 

X/unit 

size 

change 







X/unit 

size 
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X/unit 

size 
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I 

X/unit 
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2)& d 6 '7 Cx-Oi>c. 

DATA SUMMARY for Study Site T ransect C Oil?_n= fA 3 p . / 


L= live 

I)= dead; += scars 

S= oil on shells g 

T= on top of oil “ 

N= no oil on shells o 

CO 

h£ 

U 

© 

Year Date 

ner A 2 " 

per /t, 2 " 

2 ^ 

per 

per 

per 

per 

/9&? S //1 x/unit 

size 

X'l1“ change 

t «- 

<s~/7 

42,7 

//l 

28 

■22 




X/unit 

size 

change 







X/unit 

size 

change 







X/unit 

size 

change 







X/unit 

size 

change 







X/unit 

size 

change 







X/unit 

size 

change 







X/unit 

size 
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x/unit 

size 
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X/unit 

size 
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DATA SUMMARY for Study Site ^boX^V/^Y ££££'T ransect Oil?_ / 


L= live 

D= dead; += scars 

S= oil on shells | 

T= on top of oil “ 

N= no oil on shells 5 

CO 

bC 

u 

o 

Year Date 

per 

per 

per 

; 

per 

per 

per 

X/unit 

size 

change 







X/unit 

size 

change 







X/unit 

size 

change 







X/unit 

size 

change 







X/unit 

size 

change 







X/unit 

size 

change 







X/unit 

size 

change 







X/unit 

size 
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X/unit 

size 

change 







X/unit 

size 

change 
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DATA SUMMARY for Study Site Z>vX&(/'%y £££F T ransect Oil? / n - 2*,^ p . 


L= live 

D= dead; += scars 

S= oil on shells | 

T= on top of oil » 

N= no oil on shells c 

CC 

b 

t- 

c 

Year Date 

X -5 

$ J 

fi T H 

oer 

<K J 

per 

'Ls 

m 

Der 

per 

oer 

per 

/f&f <¥''/ X/unit 

size 

iX&kJUmsc? change 

tc. i> 

.A." 

r 





tfM '//? X/unit 

T£ 

size 

f, change 

\o 

/£> 

2* 

r - 





/y^s" x/unit 

2 

size 

change 

IV - 

- 1 ^<V 

1 o\ 

1 

1 






X.(j?7/ X/unit 

' x 

size 

change 

S’' 1 ^ 

1 ^ 

1 

1 

i 






-U /9 7/ ^ X/unit 

j size 

change 

1- 

1 

1 

£o 1 

|(il 






/f~7 / X/unit 

SZ 

-A/£y//m»o - s - z - - - 

change 

L s’ tot'd- **) 

/? 

V 

r 





-t //// X/unit 

--^£&7'/-a size 

change 

0 

1 tfZ / 

.2-X=/£.l/ 

=Mrjb*», 


-if' 



i Hy) ^7 X/unit 

- o , fo<\ - s - z - - - 

change 

0 

' 

- _|L . 





i /J7/ f/b x/unit 

d.z t - s - z -- 
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X/unit 

size 
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DATA SUMMARY for Study Site -J3 U){B>U J&'j T ransect O il? i/^ n^ ^o-pih'^ , 


L= live 

D= dead; += scars 

S= oil on shells g 

T= on top of oil _« 

N= no oil on shells £ 

cd 

bi 

U 

o 

Year Date 

^ t? 

ner 

ner 

per 

per 

Der 

per 

^// X/unit 

/f&9 

. size 

-- 

change 

/» 






/?£%. ^/3o X/unit 

6 t&fln - SiZ - - - 

change 

-2/ 

~/3 






/jtS' X/unit 

size 

change 

-1- 

( | \ 

\i 

1 

1 

1 






^/x / X/unit 

/?7/ y . 

size 

(jZAjtyt c / nA n g e 

3L (4s) °j) 

iuuw 





. 

o y , / _ 

7/ X/unit 

-4-> / 2 : 

i size 

—2- is,IU^_, 

change 

?&) *J> 






X/unit 

size 

change 






' 

X/unit 

size 

change 







X/unit 

size 

change 







X/unit 

size 

change 







X/unit 

size 

change 


















































DATA SUMMARY for Study Site /yfigp T ransect 3/''/! O il? ^ n-/<kx p . / 


L= live 

D= dead; += scars 

S= oil on shells g 

T= on top of oil ^ 

N= no oil on shells 

CO 

hC 

Vi 

O 

Year Date 

Der 

per 

per 

per 

per 

/<?»! 

per I 

/?*7 ^// X/unit 

size 

change 

2- 






X/unit 

size 

change 

f 


- 




X/unit 

size 

change 

f 






/ ?7/ ^43. x/ un it 

/ 

A size 

—£).£ change 
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. 

. 


/*■/ &. X/unit 

/ ■ ^ 

/' size 

A~C change 

£> 




■■ 


X/unit 

size 

change 







X/unit 

size 

change 







X/unit 

size 

change 






. 

X/unit 

size 

change 
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J 

•- 1 

5 

3 

X/unit 

size 

change 
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DATA SUMMARY for Study Sit 




T ransect ///-/-^- O il 



L= live 

I)= dead; += scars 

S= oil on shells | 

T* on top of oil ^ 

N= no oil on shells 2 

bt 

Vi 

O 

Year Date 

oer l>> - 

ci 

per yv\ 

per 

per 

per 

per 

7 / X/unit 

ft* lk ™ 1Z 

> n, n size 

change 

UL 

4 b 

in =-4A/ 

J.c/. 6.U> 
3 VL 

>}z-/b 4-f 


■ 



X/unit 

size 

change 

LU+j 






X/unit 

size 

change 




- 


i 

X/unit 

size 

change 




j 

i 


X/unit 

i size 

change 







X/unit 

size 

change 






i 

X/unit 

size 

change 







X/unit 

size 

change 







X/unit 

size 

change 






! 

*] 

X/unit 

size 

change 




1 

I 

I 

1 
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! 
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DATA SUMMARY for Study Site J±0)CE>O(&i /gg^T ranaec t d/W O il? /0>n\ . 


L= live 

D= dead; += scars 

S= oil on shells | 

T= on top of oil « 

N= no oil on shells 

g 

u 

o 

Year Date 

ji, 

per 

ner 

! t 

4 4 

per 

l X. 

per 

y 

per 

,1 

per 

/iU) 77 */ uni * 

size 

H7b , 

change 


^TT 

til y 


a 



^7 ^ uni ^ 

size 

S-Xfte chance 

7W 

//?<? 

>7* 

~w 

n 

,b /o 


3 

^ D _ _ _ 



/ f (j^t) X/unit 

_size_ 

*7 change 

*7.3 

£73 , 

ty. 

-4°- 

/»\> 

t‘* y 

. J^S2__ 

^ J2. 

_ 

-- 

f 

/f7/ 77^ x/unit 

-t+A . 

'’r/ ^~y size 

■g change 

/^X 

)¥x. 

<% 

37 , 

* 

/0 f 

) 

Xo 



/I-7! 7 /p3 X/unit 

^ i size 

2-“*^ chance 1 


j 

JLO 

iXcyfu 2x%. 

Z 

fOd*^. 

«. mmmm mm 

/ z 7 


//7/ x/unit 

// S' 

_size _ 
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... —. 

// 
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ir n 

/ /?-r Jtj-vtl-*-!. 

X/unit 

size 
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X/unit 

size 
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X/unit 
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DATA SUMMARY for Study Site -7 >0£&UtC/ /€fc£F 

5 


Tratyect ^T' - *^ O il? n « /dyrAy . / 


L= live 

D= dead; += scars 
S= oil on shells 
T= on top of oil 
N= no oil on shells 


s 
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bl 

u 
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£®I 





ft 
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/f&f fa X/unit 


£>f' 
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J/2 


_-i4 


<?ri> 
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\/ fJanjJtU 

fap_ -fa 
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/% f ¥*7 X/unit 



■fa£± 


size 


^ aasts'4- 
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£ 
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/f^f 'fa I X/unit 
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ii.l 
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_J£°. _ 7 /&. 
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4*-! 


&Z0 
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-/J& /A / Change 
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)i>*lv%£cirS 



l 


JXL >±> // 
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TRANSECT WORKSHEET - G. Chan 
January, 1971- 

Study Site_ 

Area (2, Section ^ if Chann 


dr-s' 





Transect (^716" T ype //) 

Other 4-a.Ul^J^ 


i£u 


yy i 




/V ^ 




Reference 







TLs 




Investigator_ 


For the organism count of each species found, give total number alive and total number 
dead. If any shells have oil, give number vith letter S in parentheses, e.g., (7S). 

Year / l ] 7/ D ate T ide/Time temp._Other_ 

7As> — 1>/&G- 7-/-2 _ Qsz'! t . . \ 

- a 7'£/,A<i Orirani Hm Cmint Size=Avg. JBBBS:. (S=shells vith oil) 



Year /f 7/D ate T ide/Time -y.-vA/ft*) W ater temp._Other 





Plot 


# 

/ 

5 


,*0*^ Species= 


6' 

z 7 


Oil? 


'V 

A*o 


Algae, other, 



7^^ ) 

^ /I***' 

~/jtf , %c^ r 
O 60x&*yrfljilus 


Organism Count Size= Avg. Ipaff (S=shells vith oil) 


an 

7a) 


Size 

\S-/&k 


/£> 

0 

/ 


X- C 


4? 




S,x 


xv.a* 

9 


Live 

'/d 

)33 

7 


<20 ST 


ea 

6 

O 


ze 


Live 

^4 

/? 

/^P 

<4/ 


3 £72. 


Deadj Size 


S' 

/ 

/4 


f- 2 - 

/-O. 

/-3 

/-j3 
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Live 

42 






Dead/ Size 
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TRANSECT WORKSHEET - G. Chan 
January, 1971 





/ 


Study Site ..IXJ'K 


Area f[„. S ectio n 4- C hannel 
Transect <^7-^S^T ype /t> M 


Other 


(10 







Reference_ 

Investigator 
















































































TRANSECT WORKSHEET - G. Chan 

Location _ Site Title__ 

Area vi- S ection_Transect__ 

Other_ UrX*JL( 

r# 

-■ _ 

yd] 

1 6 ft-/ j'p o uiL ,- 


Reference 

•'%, b. <utL 





y^^JL 0 wJ 

tmy 4 * '****} '"** 


Year 

Date 

Tide 

Other 

conditions 

Plot, 

Strip 

Description 

/#? 



X ^ n 

^&uAAA> 

U joCtrCa 

^ ^ {-fru^^A , 

Cf+ "jt+S;ZLt 

S t-j _ Jh&\€ C P*444%U. 
/Ct^ / 6 T-'-** 

^ A 

■#- a 

4 A 

4 iT 

*6 

4 -t 

4 Lf 

*/t> 

- « 4 f 7 , . , 

- —. f v 

- 5&4 ^ r?' 

~ mv, f Jr 

- ■zyA'%; a 

37Au / /***»*•■> 

- - 





g/JrKjjtfj iTfXkj ¥-» &o*Jk, 

/W 

<fkl 


< £?^sr— 

. -Jk / 
±x 

4 3 

&-</ 

H 
* 7 

i *7 

*/> 

AA 2 W 5 ^ 

, (: yo/iy 

i /5 Ay 

— y Pm&j 

_ i, / 7 -a*- 

*>4 - 

£ / y /£> fw 

hi At )?***-' 
y Ay / 




7&fA 


\11 fo, 3 S/WX. 

1170^ 

mt 



%$. c) <,'t*r $-<z4 

i -ts , 

j^r£> 

^3^ f i 
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Transect Worksheet 


C-r6T 


Year 


Date 


Tide 


Other 

conditions 


Plot, 

Strip 


Description 


/u? 


7/3) 




it/ 

& X 
*3 
% 
-“Y 

47 

«<f 

A< ? 

■■#/0 


JXt 

- O' 


7 1 % 

17% 

/4A% 

~i&xA% 


/D /*/ 

/ O 

l 4 ^t**-*-" 
6 /*• 




J-O-f)' 


Y 


sTP4Lt^~ 



1 7-^ ^ 

*hj> 


on 


h 


^3 


&& f% C4--<5 
/S^£> ^ OPP't 'J 


oMd^A. m&n 

SrfhJU-*l 


i -t& 

/—Z^> 
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\Al I 0 
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Po^{~ 0\l Sp,// ^<?P a? 7 / 

/''o+tr areas. Cen- 1 . sec 4T Op 1/44- /^e^>p ore^TC- sL(Aiec(. 

op PLsO- UTCetJC La^SCLcPs , 


-( 


,4 


^) ^fmf?eP S^ucr^C — /^ JocsiiZr /9&§~' Ck. S£yc<c* ^e- r^e^t 

U/Q%. ^Crctc~(ec<tn op /^U. 

^?6< (/~ JOO SJL C/J(l<Z 'fx> fo^l €Ce S Oi Cr-(L P^Cc i~<— op r'C. j& f&C.^ 7-e^r^- /^7 /-Acemc^ 


& 

U; 


f (^70 <u>€^e (4 r-epofa cenr-ie-mfs. , 


6- 


repta C-42 1 

sLcfo^ < si~c<r' LA, 44*e i^Csm. 3G 

Ctc^Hres s/cw^ PL- n<r< rT-tl&e^ CiPe 


L 


r7 f^Gr-c 
cem ec^ , 


k cp /f-?/; 

^ /fj 4*4 


c 1 *<- Cc?X £?.? Sc< /^i/rr?er~ 


~k C-u % 


S-prt 


-,J 




>44 


Cke>n. A 44 44U j4 
/4c <-?-!£ cc AoCS k?c> f Se.err-\ /o /4/gVispe_ fds,r,a\ oo-np^. 
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■-A 


ch.es . 


Si£j c-< <? g'-e . 
<«. area. f 


CdrpA of «/g 


c< e s «< c 


4 


<2 s 


f-Pt not f *~\ area 3 of Let re- rcc 4 J PjL. 

U/lvauL. PL 4//W eic-i^r c^reoo pajl fncnre-A er>r.t 


00-ytaS4ir CL cjf 

4«s /4y?e 4 usertz_ ca-, /f 

o>ies Plat Cocca. se H LA 


' 7 2 ) /w» (socrr^ ffo 4c. - Pamnc^ pu_ Ua A<^_ irfxe- 
fart of >4 <s KD c4 ^ fPcpa. (a LA cp~n /f t?ar~raxc 4s , Ckan 

PL e z>ar>?7??-€s~ c/fU^f 
rocL. tpfoLLb of 


"zCC rrrypj^r C*( ( Y^~-erienr>.T C\C($LopoAs ero~me. / e\ c*-~-, J C.C^b Ml 


’3 


<4 0?"i 


4-e« See»-i An ecP C>P ha^A^*-, *A 

crrz <>f 44 SeA&s err-, A tcpe /Pp- roc-(e , 4? faces 

C-o-t^Gpce.A Cost ft o / f 


cofesiG- fearrxtcl^s urerxe^ lo/r^ 

/f Ccen 4-e Sreenrx ~ffa.{- a /acnrcf /~)Cc(f- >44 sheKs C?^~€L ■■^’re/pfi^ / 

profoa.bl^ ctfu<r L fL~ 5^?o fLn i ^ Oil, 

Mc^ 5 4c/<3p // fS e^3 A 0->ct?> CP ic* <5i ^v- ^^T.cP &/( sf'is c J?l<.{-( 

*?fz*c/u^ ^na Lms < P /«?gj ot /f LirebraL arei A Ago-, ipLcc ‘yZ’iea 4 , , 

ffcsi r~4L- hru^rG (~< r-r^_ c-Lpaoa eAj t4u- danr-i I \sOnrcm.$ Pc-&-> .Phr-, 0 ,. L-cJCt 5 
4 c^S G-f crv»-e__ Pm., h L ( VO* GCri* % fr€c\U lex J Cell !C k S*ee*-ns Umat^actf 

t f 4rc^c< /p /s . 4 44- /?reQ. f reiser PA 5-ee csre-? Pc.cr~>Pit 

a k/' 


,u 


/n 


J 


-niec 


fCr^ 


' ac\ Cl. /4gj a 4, 


7C 3 


f.fret 

sLcfc^ /r->c(csoiecf gtsesia^ U,-c^ 


aCc 


6 *n<'t* - m%/n-e 


fpp- rA~ y t G> c/otcfi r^ci^ PL pi$S2. of PL. rCC.ic &o t Hi'r\ pL "S^uaee , 































C&1 


'To*. /9C&- '/jLtJL 


3^ 4 / -j ~~Tfocxrt S? of" — / /•? 

ccs<££— ~P t4rc.h S> Oc^r n fofti-e (fUS-r^ £J?C f, 7/£4 Sprt^ c^ 

/ cJ'cfl ylo / P~/ o^.e . / <*6/ p^ <£>>, er cs-csk^ si ear- 4Ae- ' 

*4>tv? secf" ; $Lou>n <5W M*. map, Joccfo J?-e fxae-e^ G//^ &*—*■ —| <✓ 

44/3 G // of' s c±fa^P-eCc s-ticP . f^OS-S./iy/cr^ tf SSl'C^trc, UJ fu 

/ JcJ-f Mo<. ;f US as. UsQ s /4 <a_ cfe-ep /%* 

Unol-er^ Ck^rt Csi^Ux.Iio^q^. Lser-i^ ofi f(~c C4< (h f-cs Sizaclx Ccx See. . 


rrO&O 



foefe pool S A-,gp/^ 

CrpSpcsU 


f / -? -/^, cieef •(<=> ofc 
a s- 



°) J ‘ 

& *-? ! rr->Cc(<^ (2~rT-Cyf p fa-r-ifs J 

Grt-td Since 4 i s-7 ofo%eri/c.P i « 

f& « S^« 'fAtne^ ) 

(ffo /rc^s£o fc- A-f 


S ~ c 

USO t-Ul ivCc S /<=> O C /A-t 
4 5 A 


S /A-< o A CL -poof 

Setroacd hnes. 


( r?l*S 


'a<: 


<5 


u/t 


fTnc? n 

ofocc t 

<7^2- A 

6 . 

/ret f~€- / yf Puo ^ha-ic-e s /o locJ<~ eJo^e.fi^ a-r>cf ssxdott 

So>i ci ohsev \j a Ac/»vS 

T ^Cf4 /pocrf SO of pparfccxc <Ou t fecfl fan <3^t 

Street ( food! cJnar*-, hoec.au se /^i<y fdefens, are ofu rr\pech 
t*7 uS I fk. ^orcA Pc$<., Se>me(--<r7ne% '/Aej-ux acre- 5ct<^«s 
preset.f uoh< /-e q>{-1{su\^ A^ cs /Al ^ Cere e-?o [~ <- 

UpOerrc \iff— feSix^. o^~ p<€c?^ fAx-Jzc>_ Ss>-tee^ be- A>/? O^- Q’fcpce- 


&&-ert Ct- 




ofec-cr^cL^xcf Ocmc*?^ ^ f < (uCafzi "ry~\ Oo~>oi r esc Ay < S’C«zlx 

era j? fitC-iic\C\rap S^c ti <cy?asSf/?<r^ c As? {dsr?c/ rrriyrcncf 

•f/*- -ecf-Cy <zc, oj- -/^*- /Ooo(, beef /e->e, tele- cO->--?(oy e^CdCc S , 

~ff\£nii f'xae fh CjCXsi siof~ for Ccm s c C$e reefo nforr?^ oot ffo cenrrriccfo 
rt^cf As> /^s_ poof's 

l /? C-tucJeoL Cxfjf ^ec fernff C* obser V <1 ft Cr>xS snetefog^ 

Ore ^rt'f/loplea.ra^ J\Qrr^ jfoo (SOmm Ki<\_ Snfoerrr\ papxeir 


CsO/VCULSfOjVZ 

cfomCtc*,e- ft 


A 


"^cry-n. 


'c-A 4 5« (t fie e(/tcPe*-t<x& 

'S peirm Oif • /3r?r r> acfo 

/- "*•> " S 

r " f /V \p,Us 


ge- f"c /? w s 

were lc ( ( \ec$ ULslx-Cos-i CC^l~gyr^G> off (-O' t /4 O//, Ct~r,cf A 4 <rs iMe Or/c^ 
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DATA SUMMARY for Study Site 2>0/C&V^ i£M£/= T ransect ^7~7 O il? 


_n* /h 1 ~' p 
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ffyyJT 3-7 

DATA SUMMARY for Study Site /fe^'T ransect £ 7^6 Oil? j^_n= _p. / 


L= live 

D= dead; += scars 
S= oil on shells 
T= on top of oil 
N= no oil on shells 


Year Date 


t» 

S 

to 

•H 

a 

ea, 

bl 

u 

o 


per 


per 


per 


per 


per 


per 


— / 


X/unit 


size 




change 


/ i l'~^3b X/unit 


size 


/«r 


change 


^3 


■JL. 


X/unit 

size 


-7/ 


change 




/ 90$ %r? X/unit 


(G 


~(r, 


1 


size 


change 


//7<? X /unit 


At 


size 


t>n 


change 


/ZS X/unit 

+1 


2K 


size 


change 


) < fl) 3 A^ x/unit 
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TRANSECT WORKSHEET - G. Chan 
January, 1971 

Study Site IlL//£,£> C-A 

Area Section Channel 


Trans ect ^/V T ype 
Other m 


A 


7 


Reference_ 

Investigator 
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/ 


For the organism count of each species found, give total number alive and total number 
dead. If any shells have oil, give number vith letter S in parentheses, e.g., (7S). 

Year /f'/^Date Tide /Time — _Water temp._Other_ 











































































TRANSECT WORKSHEET - G. Chan 
January, 1971 
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Area Section_Channel 


&&-1 

r"- 
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For the organism count of each species found, give total number alive and total number 
dead. If any shells have oil, give number with letter S in parentheses, e.g., (7S). 
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TRANSECT WORKSHEET - G. Chan 
January, 1971 

Study Site_ 
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For 

the organism count of 

each species found, give total number alive 

and total number 

dead. If 

any shells have 

oil, give number with letter 

S in parentheses, e.g., ( 7 S). 
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TRANSECT WORKSHEET - G. Chan 
January, 1971 
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For the organism count of each species found, give total number alive and total number 
dead. If any shells have oil, give number wit h lett er S in parentheses, e.g., ( 7 S). 
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S= oil on shells ® 

T= on top of oil J 
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Dark ink items are represented by typewriting in the samples below; 
pencil items (statistics) are represented by handwriting. 
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DATA CARD - main card with m counts recorded: 
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Back side of main Data Card contains other transect information: 


(hack side of DATA card) 

Counts taken on 7/21/71 -1.2 LL @ 5:54 AM, 15° C water 

7/22/71 -1.0 LL @ 6:36 AM, 

7/23/71 -0.8 LL @ 7:12 AM, 13.5°C water, 

11.8°C air 

Porphyra in \n?jf 1,3,4,5,7-10 
Gigartina in § 2,4,5,8-10 
Endocladia in § 4,5-7,10 
Ulva in # 9,10 

All dead Balanus were covered with oil 
Mytilus = 90 mm avg., Pollicipes = 70-100 mm, mostly 70 mm. 
Acmaea = 10-12 mm, Littorina = 3-5 mm 
Balanus = 2-6 mm, Tegula = 10-20, mostly 15 mm 

Small mussels not seeded. Normal algae growth compared to 
immediate area was not present. 
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DATA CARD - supplementary card with dm counts recorded: stapled to main card 




STAT CARD - statistical analyses of selected species: 
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TRANSECT WORKSHEET DATA 


NOTE: Persons working on berm should use berm worksheets, then 

summarize data on transect worksheet. All worksheets should 
be submitted with the written report. 

1. Amount of oil for each square meter and each square 
decimeter sample plot is recorded in terms of one plus 

sign (+) for each 25 $ coverage.--- 

2. Counts of live and dead are recorded in separate columns. 
Counting instructions are given in handout "Transect Sites 

for Oil Spill Study" and in large pink binder, marked "Transect 


Dr. 

G. Chan 

Rev 

7/1972 

f N - 

no oil 

+ = 

1-25$ 

++ = 

26-50$ 

+++ = 

51-75$ 

++++ = 

76-100$ 




Studies". 


Square decimeter sampling counts , 10 dm 
recorded on a decimeter worksheet; also 
DISCARD these dm counts! Do not "mix" 


counts in each m , are individually 
tjje oil coverage in each dm^. DO NOT 
m counts with dm^ counts of same species. 


3. All organisms are assumed to have no oil or not be on oil unless indicated by: 

S = oil on organisms (organisms not on top of oil) 

ST= oil on organisms, organisms on top of oil 

T = organisms on oil (no oil on organisms); T is used mainly for live mobile 
organisms, to determine if they "avoid" oil spots or not. 

Example : 24 (6S,2ST) = total of 24; 6 of these 24 had oil, 2 of them had oil,on oil 

4. Size of organisms for transect as a whole, for eacn 

species . Record average if size is fairly uniform. For great diversity in size, 
give range in ram for young organisms and range for adult organisms, and the density 
counts (or percentage) for each of the two groups. 

5. Summarize transect data at bottom of each column by totaling columns and S,ST,T. 

6. Algae,other : record growth of algae. Make note of other conditions of interest, 
such as oil deposits, clustering of organisms, significant nurseries, etc. 


TRANSECT REFERENCE FILE (TREF) 

TREF = A three-file reference storage of all transect data and statistical analyses 
recorded on 4" x 6" index cards. Each transect count appears on three cards: 

Data File Card contains all data information from worksheet 
Stat E'ile Card contains analysis of" selected data 


Control File Card contains log of total 
SEE attached pages 2 and 3 for sample cards 

SPECIES CODE for STAT and CONTROL CAR DS: 

TEG Tegula funebralis 
ACM Acmaea scabra , A. digitalis 
LIT Eittorina scutulata 
ACA Acanthina spirata 
MYT Mytilus califortiianus 
POL Poliicipes polymerus 
DAL Balanus glandula , C. dalli 
MOP Mopalia muscosa 
PLA Platyodon cancellatus 
AST Pisaster ochraceus 


transect counts 


AXA Anthopleura xanthogrammica 
AEL Anthopleura elegantissima 
STR Strongylocentrotus purpuratus 
HAL Haliotis rufescens 
PAC Pachygrapsus crassipes , 

Hemigrapsus nudus 

CAN Cancer antennarius , Pugettia producta , 
Pagurus samuelis 
EME Emeritus analoga 
NEP Nephtys californiensis 
ORC Orchestoidea californiana 
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DATA CARD - main card with m counts recorded: 
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Back side of main Data Card contains other transect information: 


(back side of DATA card) 

Counts taken on 7/21/71 -1.2 LL @ 5s54 AM, 15° C water 

7/22/71 -1.0 LL @ 6:36 AM, 

7/23/71 -0.8 LL @ 7:12 AM, 13.5°C water, 

11.8°C air 

Porphyra in m1,3,4,5>7-10 
Gigartina in jj 2,4,5,8-10 
Endocladia in § 4,5-7,10 
lllva in #9,10 

All dead Balanus were covered with oil 
Mytilus = 90 mm avg., Pollicipes = 70—100 mm, mostly 70 mm. 
Acmaea = 10-12 mm, Littorina = 3-5 mm 
Balanus = 2-(> mm, Tegula = 10-20, mostly 15 mm 

Small mussels not seeded. Normal algae growth compared to 
ilimit'd iate area was not present. 
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DATA CARD - 


supplementary card with dm 


2 


counts 


recorded: 


stapled to main card 
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STAT CARD — statistical analyses of selected species: 
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TRANSECT REFERENCE FILE (TREF) Dr. G. Chan 

2/1972 

2 2 

Transect Data - each and every m or dm count for each species for a specific 
transect. These counts and other observations regarding algae, residual oil, 
size of species, etc. are recorded on transect worksheets . 

Transect Count - data gathered for one complete count on the transect, e.g., 

"the April 2-3, 1971 count". 

TREF - A three-file reference storage of all transect data on 4" x 6" index 
cards. Each transect count appears on three cards, one for each file: 

Data File Card contains all data from worksheet (one card/transect count) 
Computer File Card contains selected data for input (one card/transect count) 
Control File Card contains summary, a data log of total counts only for each 
species (one line on card/transect count) 

ITEM LIST for TREF CARDS - Data is more easily scanned when recorded in a con¬ 
sistent manner. Enter all items below in black or blue ink unless otherwise 
indicated. You will record on Data and Computer File cards only. 


ITEM 


DATA CARD 


COMPUTER CARD 


SPECIES CODE for Computer 


Front side of card (lined) 


1. Transect # 
(DX-BT-1) 

2. Computer 


file #(2-l) under Tr # 


3. Transect 
Oil(N,+'s) 

4. Date 
(7/23/71) 

5. m 2 #, + 

dm 2 #, + 

6. Species 


7. Counts 


8. Statistics 
USE PENCIL 


Upper right 
space 

GREEN ink 


RED ink after 
computer # 

Upper left 


list in column 

check Control 
File, see me. 

list each sp. 
and count 


(same) 

Upper left 
space in GREEN 

(same) 

after TR oil 

(same) 

OMIT 

use Species 
Code in order 
given, check 
Control File 

> 


All counts are assumed live; 
note dead counts with a D. 
Record din counts on 2nd card 
for Data File only. 

See sample cards on next page. 
Each species 


TEG Tegula funebralis 

ACM Acmaea scabra , A. digitalis 

LIT Littorina scutulata 

ACA Acanthina spirata 

MYT Mytilus californianus 

POL Pollicipes polymerus 

BAL Balanus glandula , £. dalli 

MOP Mopalia muscosa 

PLA Platyodon cancellatus 

AST Pisaster ochraceus 

AXA Anthopleura xanthogrammica 

AEL Anthopleura elegantissima 

Strongylocentrotus purpuratus 
Haliotis rufescens 


STR 

HAL 

PAC 


ixj., x/i " 2 


nr 


-,I x i 

For TEG only= 

Xi 2 , X (x-; 

and (lii 




All species together 

lx/, , £*i, (£xi ) 2 

For each m 2 = 

x i 2 > ^( x i) 2 > 
also (-TEG) 

9. Back side of card (blank) for Data File only. 

Tide/time, weather, air-water temp, unusual+ 
usual, size of species, S,ST,T data, etc. 


Pachygrapsus crassipes , 
Hemigrapsus nudus 

CAN Cancer antennarius , Pugettia 
producta , Pagurus samuelis 

EME Emeritus analoga 

NEP Nephtys californiensis 

ORC Orchestoidea californiana 

Other species= OMIT for Computer 
File, but list in single 
column for Data File. 















































































TRANSECT WORKSHEET DATA 


Dr. G. Chan 

NOTE: Persons working on the berm should use the berm worksheet, Rev. 2/1972 

then summarize data on a transect worksheet. 


1 . 


Amount of oil is 

2 -i 

m oil 

+ . 1-25$ 
++ = 26 - 50 $ 
+++ =51-75$ 
++++ = 76 - 100 $ 
N = no oil 


recorded in terms of one plus sign (+) for each 25$ coverage: 

2 2 
dm oil transect oil for 10 m 

2 (record in red ink 

same asm , , , , , \ 

next to transect number; 

+ = 1 or 2 m with oil 

++ = 3* 4, or 5 m 2 

+++ = 6 or 7 r 2 2 

++++ = 8, 9, or 10 m N = no m with oil 


2. Count of live and dead appears in separate columns. If there are more than 

1 four species found consistently in most of the m 2 , use extra worksheet space. 
Use a single column for "other" species, small counts, only a few m 2 , and write 
in species name beside the count. 

In some transects, not all species are counted, some species are noted as 
present with a # in the appropriate m 2 spaces. Check with me or previous 
transect count data, or control file card. 

2 

Dm sampling is restricted to very dense populations of Mytilus californianus , 
Littorina scutulata , or Balanus glandula and Chthalamus dalli combined. Check 
*the control filecard ,for/i>he transect to determine if you should sample by dm . 
Take 10 dm 2 counts in each m 2 . On the back of your worksheet, record every dm 2 
count, indicating m 2 in which samples are taken, and amount of oil on the dm 2 . 

On the front side of worksheet, underline this species name with red ink, also 

the note "10 dm 2 /m 2 ".^ Record in the live and dead columns the total count for 

the 10 dm 2 for that m . At the bottom of the columns give the total count for 

the 100 dm 2 . (DO NOT estimate total population in the transect.) 

3. All organisms are assumed to have no oil or not be on oil unless indicated. 


S = oil on organisms 
(organisms not on 
top of oil) 


ST = oil on organisms, 

organisms on top of oil 


organisms on top 
of oil (no oil 
on organisms) 


The count of such organisms should be placed in parentheses with appropriate 
code letter after the total count for the m 2 , e.g., 24 (l6S, 2ST) shows a 
total count of 24; 16 of the 24 had oil on their shells, 2 of the 24 had oil 
on them and also lived on top of oil. 


Dead organisms with oil are assumed to be surrounded and trapped by oil- 
make noteof any exceptions. T is used mainly to determine if live mobile 
organisms "avoid" oil spots or not; do not use T for sessile organisms. 

4. Size of organisms : record average size if size is fairly uniform. If there is 
great diversity in size, give the range in sizes as well as the average. 

5. Summarize transect data at the bottom of each column by totaling live and 
dead counts, computing the mean count per square meter (do not compute mean 
for dm 2 sampling on this worksheet), and totaling the S, ST, T figures. 

6. Algae, other : record unusual, usual growth of algae. Make note of any spe¬ 
cific conditions of interest, particularly in regard to oil deposits, cluster¬ 
ing of organisms, significant nurseries. This space may be used to record 
diversity range in size of organisms. 

*Handout sheet "Transect Sites for Oil Spill Study" also has this information. 






















Dark ink items are represented by typewriting in the samples below; 
pencil items (statistics) are represented by handwriting. 

DATA FILE CARD 


8/9/71 
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. I. i n — ——a—g11 


Year 

Date 

Tide, 

Time 

Area, 

Sect. 

Tran¬ 
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CALIFORNIA 



cTWarinecAdvisory Publication 


Intertidal 
Zo nation 


Intertidal zonation is a good way to gain a deeper understanding of the 
ecology and uniqueness of the intertidal environment. By performing the 
relatively detailed study described, you can form a clearer concept of the 
distribution of the intertidal plants and animals and how they have adapted 
to the intertidal environment. A basic statistical analysis you can use in your 
study is also described. 

Activity Outline 

Identify intertidal organisms. Study the biology of some of the more 
common invertebrates and/or algae found in the intertidal zone. Use the 
references in this guide, the references listed in the Marine Science Bibliog¬ 
raphy, AXT—438-7, and any other references available. For assistance, you 
can also contact local people who are knowledgeable in marine science 
(college instructors, advanced students, Fish and Game employees, others). 
Learn to quickly identify the common intertidal organisms. Several trips to 
the coast will help greatly. 

Materials. For this activity, you need a clipboard, paper, pencil, and a %- 
inch-wide line (rope, clothes line, etc.) that is 32 feet, 9'/ 2 inches long (10 
meters—use the metric system whenever possible). To make your trip more 
comfortable, wear warm clothes and boots. Also take along identification 
books or keys. Do not collect any organisms from the tide pools. Check the 
Sport Fishing Regulations carefully before you go to the coast. 

Select a site. Go to the beach at low tide, preferably a minus tide, and look 
for a rocky reef area that appears to have a diverse flora and fauna. Ask 
knowledgeable local people where good sites might be found. (Also consult 
the references for ideas, especially pages 336 to 387 in Light's book.) Be sure 
you can easily locate the site again for later studies. Carefully study the area. 
Note the environmental factors—human or otherwise—that affect the study 
area. Observe the incoming tide. Where does it reach first? Are there fresh¬ 
water streams in the area? Signs of pollution? Signs of heavy use by people? 
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Set up transects. Divide your site into four more or less equal sections. Start 
far out on the reef in the area exposed by low tide and end at the uppermost 
part of the reef where only an occasional wave splashes at high tide. 



Set up a transect in each of the four sections. You can set up a transect by 
laying out the 10-meter-long line parallel to the ocean. For each transect, 
identify, count, and record all of the animals and/or algae that come in 
contact with the line. You will not be able to identify all the organisms you 
find, but try to recognize the most common ones. 

Organize data. Tally up the numbers of each species in each transect and 
organize them so that you can compare the four sections. Are there large 
differences in the numbers and kinds of species in each section? Why? How 
is the environment different in each section? Look carefully at the different 
species. In what ways have they adapted to the intertidal environment? What 
effects do wave action and sunlight have on the distribution of species in this 
area? 

Ideas for further study. When you compare the data for the four sections, it 
may appear that the numbers of some species are different in each section. 
Such differences may actually exist or they may be due to chance. To be 
able to say scientifically that there is or is not a significant difference in the 
numbers of a species (mussels, algae, other) among the different sections, 
you must use statistical analysis. 

For this activity, you can use a simple test called the chi-square (X 2 ) test. To 
understand how to perform a chi-square test, refer either to a beginning 
statistics book or ask your math teacher. (See the example of a chi-square 
test for mussels.) If you learn to correctly use statistics, you might be able to 
say that, for example, there is a 95% probability that the difference between 
the number of mussels in the first and third sections is not due to chance. By 
doing more transects in each section, you can make a more reliable analysis. 

As another part of this project, you might want to study the four sections 
throughout the year to see if there are any seasonal differences in species 


2 


distribution or population size. What would cause this kind of change? 
Weather? Oceanic conditions? Or you could concentrate on the year-round 
movements and population changes of one or two species (snails, sea urchins, 
starfish, or other). This would give you a good understanding of the orga¬ 
nism's niche (the function that the organism fulfills in its natural commu¬ 
nity, such as primary producer, first-order consumer, scavenger). 

If you want, make a map of your study area. On this map, you could use 
colors to show the distribution of the common species of animals and/or 
algae. A colored topographic map would be even better since it would show 
the effect of altitude on species distribution. Use your imagination—an 
important tool of science. 

Example of Chi-Square (X 2 ) Test for Mussels 

Let's look at an example of how to do a chi-square (X 2 ) test to compare 
transect counts of mussels. 

After laying out four transects—one transect in each of the four sections on 
your reef site-you count 8 mussels in transect 1, 22 mussels in transect 2, 
23 mussels in transect 3, and 11 mussels in transect 4. When you first 
compare the four transects, it appears that there is a real difference between 
the numbers of mussels in each transect. But how can you be sure? Perhaps 
the difference is only due to chance. By using the chi-square (X 2 ) test, you 
can find out whether there is a real difference between the transects or 
whether the difference is due to chance. 

The formula for chi-square (X 2 ) is: 

[observed value (0) - expected value (E)] 2 

X 2 = -—- 

expected value (E) 


Transect 

Mussels 

Observed 

(0) 

Mussels 

Expected 

(E) 

(0 - E) 

(O - E) 2 

LU 

. L 

o 


(number) 




1 

8 

16 

-8 

64 

4.0 

2 

22 

16 

6 

36 

2.3 

3 

23 

16 

7 

49 

3.1 

4 

11 

16 

-5 

25 

1.6 

TOTAL 

64 

64 



11.0 


3 
















Procedure 


1. List observed value (0). 

2. Determine the number of mussels expected (E). For example, if mussels 
were distributed equally throughout your four sections, then you 
would expect equal numbers in each transect. Thus, to obtain the 
expected value (E) for each transect, divide the total number of mussels 
observed (64 mussels) by 4 (four transects). This gives: 

E =-§4. = 16 mussels per transect. 

4 

3. Calculate 0 - E. 

4. Calculate (0 - E) 2 . 

5. Calculate. 

E 

6. Total all the ^ values. This gives you an X 2 value of 11.0. 

E 

7. Calculate the "degrees of freedom” (d.f.). You can find the degrees of 
freedom by adding the number of transects (four) and then subtracting 
one transect. This gives: 

4 transects - 1 transect = 3 degrees of freedom. 

8. Use a table of "Percentage Points of the X 2 Distribution" (found in 
statistics books) and look at the row for 3 degrees of freedom to find 
the table value closest to, but not exceeding, your X 2 value of 11.0. 
Then determine which percentage (%) column this value lies within. 


Percentage Points of the Chi-Square (X 2 ) Distribution 


d.f. 

percentage (%) 

95 

90 

75 

50 

25 

10 

5 

2.5 

1 

1 

- 

0.016 

0.102 

0.455 

1.32 

2.71 

3.84 

5.02 

6.63 

2 

0.103 

0.211 

0.575 

1.39 

2.77 

4.61 

5.99 

7.38 

9.21 

3 

0.352 

0.584 

1.21 

2.37 

4.11 

6.25 

7.81 

9.35 

11.3 

etc. 
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In our example, 9.35 is the largest table value for 3 degrees of freedom that 
does not exceed our X 2 value of 11.0. This 9.35 value is found under the 
2.5% column. The 2.5% value indicates that there is less than a 2.5% proba¬ 
bility that the differences in the number of mussels among the transects are 
due to chance. In other words, you would be correct 97.5% (100% - 2.5%) of 
the time in saying that a significant difference exists between the number of 
mussels in one or more of the transects and the remaining transects. 

Scientists usually consider a significant difference to exist if the probability 
is 5% or less that the difference is due to chance. In our example, the 
probability that the difference in the number of mussels is due to chance is 
only 2.5%. Since this is less than 5%, we can indeed consider that a signif¬ 
icant difference exists between the number of mussels in one or more of the 
transects and the remaining transects. 

How does all this relate to intertidal zonation? By setting up transects in 
each of the four sections of your rocky reef site, and by subsequently 
performing a chi-square test, you have shown that a real difference exists in 
the number of mussels among sections in this example. In other words, you 
have shown that more mussels live in some sections than in others. If you 
consider each of your four sections as intertidal zones, then you have shown 
that more mussels live in some zones of the intertidal area than in others. 

You can do chi-square tests to compare any two, three, or all four 
NOTE: of the transects. For example, here is a chi-square test that 

compares two transects, transects 2 and 3. 



Mussels 

Mussels 




Transect 

Observed 

(O) 

Expected 

(E) 

(O - E) 

CM 

LU 

O 

(0 - E) 2 


(number) 



E 

2 

22 

22.5 

- 0.5 

0.25 

0.01 

3 

23 

22.5 

0.5 

0.25 

0.01 

TOTAL 

45 



X 2 

= 0.02 


total number of mussels observed 
number of sections 


~= 22.5. 


d.f. = total number of sections - 1 section = 2-1 = 1. 
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Use a table of "Percentage Points of the X 2 Distribution" to find the largest 
table value for 1 degree of freedom (d.f.) that does not exceed the X 2 value 
of 0.02. This value is 0.016 and is found under the 90% column. Thus, there 
is a 90% probability that the difference in the number of mussels between 
transects is due to chance. Since this 90% probability greatly exceeds the 5% 
probability level used by scientists to determine if a significant difference 
exists, we can conclude that a significant difference does not exist in the 
number of mussels between transect 2 and transect 3. 


Intertidal zone 

Ecology 

Environment 

Biology 

Invertebrate 

Flora 

Fauna 

Reef 

Organism 

Species 


Scavenger 
Topographic map 


GLOSSARY 

— area between the highest high tide and the lowest 
low tide. 

— relationships between plants and animals and their 
environment. 

— all the things (conditions, circumstances, and influ¬ 
ences) that surround and affect organisms. 

— study of the physical characteristics, habits, etc. of 
plants and animals. 

— an animal that has no backbone. This group in¬ 
cludes all animals except fishes, amphibians, reptiles, 
birds, mammals. 

— plant life. 

— animal life. 

— a large ridge of rocks at or near the surface of the 
water. 

— any living thing. 

— a population or group of distinct organisms that 
have some common characteristics and are reproduc- 
tively isolated from other distinct organisms. 

— an animal that eats decaying matter or refuse. 

— a map that shows the surface features of an area, 
such as hills and valleys. 
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